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REVIEW OF RECENT DEVELOPMENIS IN THE TECHNOLOGY OF TUNGSTEN

V. D. Barth*

This memorandum briefly reviews major recent developments in the
technology of tungsten. With a few exceptions, the period covered is from
January through April, 1961.

FABRICATION

Th explosive compaction of tungsten powders has been carried out
at Battelle.kl)* It is possible at ambient temperatures to explosively
compact tungsten powders to 95 per cent of full density. Explosive forming
of tungsten nozzles using rolled and welded sheet tubes in an aluminum bath
at 18CC F is of current intt rest for making asymm•erical nozzle shapes. As
in the case of tungsten sheet for spin-type operations (spin forming, shear
spinning), there is some question regarding the best source of sheet for
this purpose.

Recently a tungsten nozzle shape weighing 42 pounds has been skull
melt - vacuum cast in graphite.(2) Carbon conLamination ranged from none to
0.01C inch in depth. Cleanup was possible by machining about 0.125 inch from
the OD of the casting. Surface imperfections were believed to be related to
impurities in the graphite mold, and it is thought that these impurities
would have to be present in amounts less than 10 ppm to avoid gas-pocket
formation.

Continued work on the tungsten-forging development program at
Thompson-Ramro-,ooldridce(3) indicates that successful forging is largely
dependent on prior effective deoxidation practice. A process has been
developed for producing forging billets of 85WN-i5Mo alloy. The method in-
volves arc-meltino deoxidized 85V-lbMo ingots, and extruding above 3000 F
to 1- to 1-1/2--inch diameter bars. The extrusion of W-O.88Cb, W-7.0Oo, and
,W-O.lZr is being considered.

Tungsten sheet-rolling programs are hoeing pursued at both Fansteel
and Universal-Cyclops, but no data are available as yet for publication.

The welding of tungsten has been of considerable recent interest.
Results of extensive work on this topic(4) have indicated that electron-beam
butt-welded joints are as strong as roll-formed tungsten above 3000 F (at
temperatures where recrystallization occurs in the adjacent sheet). Between
1500 F and 3C00 F, the welds are significantly weaker because of the "trength
difference between the coarse-grained cast weld structure, the related re-
crystallized heat-affected zones, and the stronger wrought structure of the
adjacent sheet. The feasibility of butt welding the girth seam between two
conical tungsten nozzle components was established. It is concluded that
improvements in thc :U-li-y cf tungsten through higher purity or alloying are
necessary to yield weld-zone properties for use in applications where the low
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ductility of present welds cannot be tolerated. Somewhat more optimistic re-
sults have been reported on the basis of work at Aerojet's Downey facility.
Fusion welds in tungsten sheet are reported to have been remarkably success-
ful, with a sharp-bend transition of 1100 F for the weld metal and 700 F for
the adjacent sheet. Relatively fine grain size is achieved by increasing the
speed of weld travel.

Brazing of tungsten to graphite is being tried with a variety of
brazing alloys, including a Mo-30Cr-2ONi alloy, a W-5ONi alloy, Nicrobraze,
GE J-8100, and Coast Metal 62.

Plasma-jet coating of graphite is being carried out in a number of
places. The Plasmakote Corporation is engaged in making composite coatings,
one component of which is tungsten.(5) The buildup of free-standing forms
by this process is also being tried. The sintering of tungsten deposited
with a plasma-jet spray gun in which nickel or some other additive accelerates
the consolidation rate is under investigation elsewhere.(6)

PROPERTIES

The determination of mechanical properties of tungsten and tungsten-
base alloys at elevated temperatures remains a problem. Table I summarizes
data obtained by Kattus and Wilhelrn.(7) The data were obtained on self-
resistance-heated, arc-cast tensile bars.

TABLE 1. AVERAGE TENSILE PROPERTIES OF 85W-5V.o ALLOY AT DIFFERENT
TEMIPERATURES, HOLDING 7I:'.ES, AND STRAIN RATES

Specimens heated to test temperature within 20 seconds,,

o.2% Offset Ultimate Loading
Time at Temp., Yield Tensile Elongation Time to

Test Prior to Strength, Strength, in 2 in., Fracture,
Temp., F Loading, sec kips kips % sec

75 .... 41.1 0 13.8
1000 1O 21.1 31.0 0.8 15.8
2000 10 18.2 29.6 13.8 20.5
3000 10 21.5 24.7 16.8 22.0
4000 10 4.7 7.05 20.5 22.8

1000 30 23.6 25.9 ..5 0.7
200U 30 18.5 32.8 16.0 1.0
3000 30 25.3 32.o 18.5 1.1
4000 30 12.1 14.7 22.0 1.3

in an investigationcf the effect of surface conditien on the
ductile-to-brittle transition temperature of tungsten, it has been noted that
the type of defect rather than the average degree of roughness is the princi-
pal factor in raising the transition temperature.(8)
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STRUCTURES AND APPLICATIONS

The problem of thermal-shock resistance in deposited tungsten
coatings on graphite has been approached by brazing a spun, thin-wall tungsten
nozzle liner to a graphite backing. Results of tests are promising.

At the moment, forged throat inserts are in a more advanced state
of development than their spun counterparts. A buckling problem has been
associated with spun inserts on the Minuteman first stage. For smaller
nozzles, tungsten inserts show a definite advantaqe over graphite nozzless the
latter being marginal at about 5500 F. For large-diameter nozzles, where
the same amount of erosion results in only a small percentage of change in
throat opening area, tungsten may not maintain this advantage. Until very
recently at least, plasma-sprayed tungsten has been fired successfully at
6200 F only in low-pressure systems.

Porous tungsten (75-35 per cent of full density) infiltrated with
copper, A12 O0, or some other material, ,nay provide a possible transpiration-
cooled composite. The development of tungsten-base composites capable of
operating at gas temperatures above the melting point of tungsten has been
reviewed in a paper by Maloof.(9) The oxidation resistance of the infil-
trated structure may be better than that for tungsten alone.
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